FULLY SI LI Cl DED NMOS DEVI CE FOR ELECTROSTATI C

. DI SCHARGE PROTECTI ON BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The invention generally relates
to the fabrication of sem conductor devices and, nore
particularly, to a nmethod of form ng an NMOS device
for electrostatic discharge (ESD) protection in the

fabrication of inteqgrate i it i pLi .
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damage from a phenonenon called el ectrostatic

di scharge (ESD). ESD occurs during transportation and
handl i ng of the dev %@fﬁﬁh?@g% ﬁgﬁgtﬁTKﬁparges

collect on their ex erna P not

controlled, ESD w || |rreparably damage the IC as

power dissipated during the discharge yields |arge
t@ﬁperggg LEmOL3dkient s Wi thin the device structure.

One solution to the problemof ESD is to connect a

silicon controlled rectifier (SCR) on the IC near to

the external pin bonding pad. Wien the voltage on the

pad r emghe&ntdnlgeieelly beyansdiht bbticaibn oRahid@ldu@perdtds @md, more
due to static charge, the SCR turns on, thereby

p parvtdirigioa nhethd b imst@mceMpPatibvidedor cladiraahadigaargd (HSD) protection in
protects the device by shunting this current away from

t e fairicgionbf pepsedciranitnor mal t operation. Severa

approaches using SCRs exist. U S. Patent 5,369,041 to
Duvvury teaches a nethod of building an SCRwithin a

MOS process for the purpose of ESD protection. U S.
P&4) e nt Description of Prior Art

Integrated circuits (ICs) are susceptible to damage from a phenomenon called electrostatic
discharge (ESD). ESD occwrs during transportation and handling of the device when large static
charges collect on their external pins. If not property controlled, ESD will irreparably damage the IC
as power dissipaied during the discharge yields large temperature gradients within the device

structure.

One solution to the problem of ESD is to connect a silicon controlled rectifier (SCR) on the
IC near to the external pin bonding pad. When the voltage on the pad reaches a level beyond that of
normal operation due to static charge, the SCR tums on, thereby providing a [ow resistance path for

discharge. This protects the device by shunting this current away from the circuitry used in normal




5,728,612 to Wi et al. teaches a nethod of inproving
_the performance of an SCR used for ESD protection.

The resi stance when the device is turn on is | owered
by increasing the volume of contacts in the SCR by
maki ng the contact deeper in the IC. This inproves the
SCR performance w thout the need for increasing the
size of the SCR U S Patent 5,843,813 to Wi et al
t €BRHES Servist Weroaghet 1 SORS P B PRient heédId fode i éeaches a
of the ESD protection of an SCR that al so _reduces
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an effort to provide an inproved understandi ng of the
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A p-type well or substrate 10 is provided. A gate

oxineeit R@oamatnki es the p-type well or substrate 10. A

pol ysilicon gate el ectrode 30 overlies the gate oxide

28. Nt drain and source regions (14 and 22) are

provided. A drain el ectrode 18 nmakes electrical _

connech saspndireetitold @f BFIAPiate¢Upn gy [zeoupded giie RO (BN efe device to

26 makes el ectrical connection to the source 22. The )
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30, both of which are connected to _ground (as.sh
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g%tmpiiﬁed diagram is provided in an effort {0 provide an improved understanding of the problems
which are overcome by the present invention. A p-type well or substrate 10 is provided. A gate
oxide 28 overlies the p-type well or substrate 10. A polysilicon gate electrode 30 overlies the gate
oxide 28. N+ drain and source regions (14 and 22) are provided. A drain electrode 18 makes
electrical connection to the drain 14, while a source electrode 26 makes electrical connection to the
source 22. The source electrode 26 is connected to the gate electrode 30, both of which are

connected 1o ground (as shown in Fig. 1) or to the most negative voltage potential used by the IC.

For this description of the device operation, we will ground the source electrode 26 and gate




2 el ectrode 30. Wile not shown, the p-type well or

~ substrate 10 is also grounded. In order to provide a
better electrical contact in active NMOS devi ces used

on the IC, salicidation is performed on the upper

surface of the n+ drain 14 and source 22 as shown in

Fig. 1. Unfortunately, the salicidation reduces the

ESD protection performance of a GGNMOS device due to
dicksetirde g Eiile erishtoedr P2RE et or Wpsate plisettp swindd, kppgler to provide
to Hul factor et al. teaches an ESD protectjion netho
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above ground potential, the diode forned p-type
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and a depletion region will be forned between the two.

AssREnNA cdeplketd @fod €egi on  exi sts between the source
region 22 and the region of the p-type substrate or

wel | 10 under the gate 30. This barrier holds the

electrons in the source region 22. Any current that

f 1 ows mBrsakdoren inechhieaksggeidecheriSEntrotigtion e G@NEPS detitea Sald referring to
drain/p-well junction. If the drain electrode 18
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p-type substrate or well 10 and drain region 14 wl |l
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t he voLtage on the drain electrode 18 causes the drain
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exists between the source region 22 and the region of the p-type substrate or well 10 under the gate
30. This barrier holds the electrons in the source region 22. Any current that flows is due to leakage

current in the reverse-biased drain/p-well junction.

If the drain electrode 18 voltage is increased, the depletion region between the p-type
substrate or well 10 and drain region 14 will widen, moving it closer fo the source region 22. When
the voltage on the drain clectrode 18 causes the drain depletion region to touch the source depletion
region, the connection between the two depletion regions will have a low resistance. The result will

be a very high current. This phenomenon is called “punch through” and the resulting current is




region, the connection between the two depletion

regions will have a |low resistance. The result wl|

be a very high current. This phenonenon is call ed

“punch through" and the resulting current is 3 called

"punch through current”. The characteristic curves

with the punch through phenonmenon for a typical NMOS

FET are shown in Fig 2. A second phenonmenon knomq S
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ehonmenon where con tion resul m excessi ve

g ﬁﬂ%gazl fla& % Qlf neglcggci @ 1&]3% (ﬁon @&[Ja§on le)ft Bpﬁcd%lﬂg Gleife dﬂenomcnen where

reac critical level where hard break

OE&MdliRion ﬁ:sﬁ@@:loln Mk OGL QAR Lerdtidn O McRoniRhd ;AES Whk k1GAVSEd Raches a
very large increase in current. Fig. 3 shows a pl ot
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| PSrchddei @@s@s. This occurs because the two depl etion

regi ons descri bed above are noved closer to each
other, resulting in significant field penetration from
the drain to the source. The potential barrier at the
sour c&ig § shaywemend of Inesul s forglififarent swerce testsein el getingnApfhe spacing
el ectrons b the source, giving rise to increased
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Further increase of Vs will cause the depletion regions to touch resulting in punch through.

In some cases, a different phenomenon called “snapback™ occurs prior to reaching punch
voltage. The present invention uses snapback to provide ESD protection, This phenomenon will be

discussed in the description of the present invention.




di scussed in the description of the present invention.
4 SUWARY OF THE | NVENTION A princi pal object of the
present invention is to provide a sem conductor device
that provides electrostatic discharge (ESD)
protection. Another object of the present invention is
to provide a sem conductor device that provides

el ectrostatic dlschar t hout
requiring additional %S@%gggQ¢¥§?Q§@ﬁéﬁ@%nher obj ect
of the present invention is to provide a sem conductor
device that provides electrostatic discharge (ESD)

prot eCA gg&mtaf@}ectq{?%ﬁpe%m n@QHilml; g ftch? 1<§5caa| s'el%lcgﬂ;uktgmewce that provides

bl ocki ng step er object o e pr esent

'@%&Rkk@ﬂhkﬁm%ﬁﬁ@b?&b@&mﬂ sem conduct or devi ce that
provides el ectrostatic discharge (ESD) protection that

does not require an additional inplantation to inprove

ESD characteristics. A still further object of the

pr esendnoklaveidel 1thel pSesti@ ifvEaMh deo oGl CoRdutitor darY thagrovides
that provides electrostatic di scharge (ESD)
peletteetiictischayt (B pprotedtige efth@orentiriapvaitibrabpmodcdeeng steps.

sem conduct or surface. These objects are achi eved

using a process where n-wells are added bel ow t he

source and drain regions in a GGNMOS device. The

n- wel | Angifdr hiagiedf thegerspm grvpition islteroddcen seaicpistugidr deyiet that provides
that the peaks of the well concentratjions occur away

f PlorHostAl dicharged FSRLrptactien thptioss jopitidiedherspiicidadpl *éf’qkaw SE5p.

Another object of the present invention is to provide a semiconducior device that provides
electrostatic discharge (ESD) protection that does not require an additional implantation {o improve

ESD characteristics.

A still further object of the present invention is to provide a semiconductor device that
provides electrostatic discharge (ESD) protection having a trigger point away from the

semiconductor surface.

These objects are achieved using a process where n-wells are added below the source and
drain regions in a GGNMOS device. The n-well and p-well doping profiles are tailored such that the

peaks of the well concentrations occur away from the silicon surface. This reduces the depletion




barrier between the p-well and n-well source. In

addition, the increased electric field between the

reverse biased n-well drain and p-well will result in

hi gher el ectron-hol e generation current. This injects

nore holes into the p-well producing a potential that

wll forward bias the p-well/n-well source junction.

The result is effectively a bipolar NPN transistor

t hatieibstweonde el gnd -oel souss dn adrtieon. Bebopewser desticdicljbgtween the
and source qui ckly renmpoves any el ectrostatic charge. ,
Trersobiehad 676 H dotcnd Bwalhal! repi dnhighie clegion-bghsggroicgrrent. This

where power may be effectively dissipated. BRI EF
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of evigce: Fig. i h of Ins vs.

VBg% fﬂg%?h'%??ug@cecn@%ga B{FJ%ema? (t))§ gl?ég?%gyv\(g?sﬁﬁ%%aci ngs; Fig.

4 showi ng a cross section of the grounded gate NMOS

(GGNMOS) device of the present invention; Fig. 5

show ng test resubkiimtsdrRIErIONGFENE hRYGMLGON

i ncl udi ng the snapback phenonenon; 6 Fig. 6 show ng

the n-well doping profile for the present invention;

and Fig. 7 showing the p-well doping profile for the

pr esernt thevetipaying dRSERIBRTRONm@erial ikt FHREFERRERDON, there is shown:
EMBODI MENTS The present invention uses a nethod of ESD
protection using a grounded gate NMOS

Fig. 1 showing a cross section of a typical grounded gate NMOS (GGNMOS) device;
Fig. 2 showing a graph of typical Ing vs. Vg characteristics of a GGNMOS device;
Fig. 3 showing a graph of Ips vs. Vg for different source to drain well spacings;

Fig. 4 showing a cross section of the grounded gate NMOS (GGNMOS) device of the present

invention;

Fig. 5 showing test results for the present invention including the snapback phenomenon;




(GGNMOS) device to provide the | ow resistance

di scharge path. N-wells are added bel ow the source
and drain regions of a GGNMOS device in order to
tailor the doping profiles of those regions. Snapback
IS used to provide ESD protection. As Vns increases,
the potential barrier at the n-well source is | owered
due to the DIBL effect. CGeneration of electron-hole
pai r s Tigp otshrevidy thé mwpkk Hopingdhegileer bapressyl inrendgdns gidoccur s.
Thi s generation current dom nates and increases wth
Vns. This results in a higher electric field and

hi gher el ectron-hol e generatjon current. The hole

cur r enftie-ishqwigggthe p-iypld 8%@5 DOt RePHElEI 4o war d

bi asing the p-well/n-well source junction. The DI BL
effect aids this by lowering the potential barrier at
the n-well source. Once the p-well/n-well source
junction is forward biased, the device behaves as an
NPN transi stor, ﬁ@ﬁ‘% ﬂ%@f@ ﬁzﬁnﬁ%l\hﬁ‘&) 1inesct or.

A | ow reS|stance arge s creat ed.

prior art advanced NNCS processes with LDD Junctlons
this conduction triggers near the surface of the

devi ceruhREs: ﬁl%ﬁ&ﬁlsescpfﬂgh@to'f Y& YroleStiddQSihg a -grxt&hﬁlcd gate NMOS
surface heating may result in damage to t%e devi ce. |

Ggﬁ\liﬁlﬁﬂbsp@«o&c& @ préviie (e 15% @8istfk e idRCIGFO S SHGEIORe hdtRd below the
MOS device of the present invention. A p-type
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are fornmed in the p-type substrate or well 10. A gate
oxdgites. IBapbsk Pats¢dar pedido Z8P bykendpnt Ae Vps thypecs tho bteiakbarrier at the
or well 10 and n-wells 12 and 20. A polysilicon gate

ehect sode igowirsd dusrtotbd Dilerifept fignardiien ghglestroxhdepagn the drain well
between the n-wells 12 and 20. Lightly doped drain
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results mn ;Tﬁgher eiecmc ﬁeld and higher electron-hole generation current. The hole current will be

injected into the p-well, forward biasing the p-well/n-well source junction. The DIBL effect aids
this by lowering the potential barrier at the n-well source. Once the p-well/n-well source junction s

forward biased, the device behaves as an NPN transistor where the drain acts as the collector. A low

resistance discharge path is created. Using prior art advanced NMOS processes with L.DD junctions,

this conduction triggers near the surface of the device where thermal conductivity is poor. This

surface heating may result in damage to the device.




using the polysilicon gate electrode 30 as a mask.

Oxi de spacers 16 and 17 are forned on the side of the

pol ysilicon gate el ectrode 30. These oxi de spacers 16

and 17 along with the polysilicon gate electrode 30

formthe mask for inplantation of the n+ source and

drain regions 14 and 22, respectively. Drain el ectrode

18 makes el ectrical connection to the drain 14, while

sour ceRdtraeriole 4 shovinniesoseteaitantheccdFNYER dettc ob Hiepepsent invention.

t he source 22. The source electrode 26 is connected to

t HeP-yRt BbstgfeE telh LIS 3@Wdﬁfbtﬁlrwslﬂs MIPEH 4§ Briegnih Be payperepstrate or
ground (as shown in Fig or to the nost negative
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p- type substrate or well 10 are tailored to bring
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0.5 and 1.5mfromthe sem conductor surface. This peak
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t he point where conduction will trigger. By avoiding

t 26 ggles ehgriad cdnhetiganiieondec20 Thswwnifcacestrodd® i baneradd to the gate
conductivity is inproved at this deeper peak

celrged¢ 3abothnf poilrire cothested tongadung (ab 2hemdn PiQ. A oetoftigrmastinegative
usi ng phosphorous ion inE]antation with a dose of
beelirecrrtabguseddy 1510 dagthBRe0uBion ohd¢ daviee e@kaiier_we will ground the
ions/cnz nomnal) and an 8 inplantation energ
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a?lm z§uso|nr1] erf(-)l;lpneed En EhX Bpper surface of the n+ drain 14 and source 22 as shown in Fig.4.

The n-wells 12 and 20 and p-type substrate or well 10 are tailored to bring their peak
concentrations to a point between about 0.5 and 1.5pum from the semiconductor surface. This peak
corresponds to the minimum drain depletion width and the point where conduction will trigger. By
avoiding triggering at the semiconductor surface, the thermal conductivity is improved at this deeper
peak concentration point. The n-wells 12 and 20 are formed using phosphorous ion implantation

with a dose of between about 9x10'% and 5x10" jons/cm® (23‘:1013 ions/cm® nominal) and an




substrate or well 10 is forned using two boron ion

i mpl antations. One has a dose of between about 7x1012

"~ and 4x 1013 ions/cn? (I x1013 ions/cn2 nominal) and an

i npl antati on energy of between about 250 and 400 keV
(300keV nom nal). The second p-well inplantation has a
dose of between about 1x1012 and |x1013 ions/cn?
(4.5x1012 ions/en?2 nom nal) and an inplantati on energy
ofmithtagier enerzxied bretw e Gban 0280 TV @@ng%{ewmm& nigtis)implantation is
These two inplantations are perforned after the n-wel
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shows test results for the present invention |ncIu

{ SR ﬁl"f%lﬁt?ﬂéﬁ’i%‘“’“ Rerbn Gpaniass dlne hfSﬁé%Oéc it b¥ecn abou

091)22%) %xelgﬁluglg/%% 101}5&% ﬁ%&a )i} aﬁggg H’%zbagg%?(n energy of between about
p'z“@” gﬁ@hok V?(%&H(r§ nc?‘nqd al}. edskzc%%? %)(veh m\{\Qan‘Q['atl})/SFaé a%ose o?yc-;tlween about
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dopi ng profile for the present invention

pﬁlé}}fan@%&ﬁ{atb@maz@@ga@fomd@ foagen about 1x1017 and 5x1018
atons/ cnB (7x1017 nom nal) occurs between about 0.5

and 1.5 Jim (0.75mnonminal) fromthe IC surface. The

n-wel I doping profile is forned by inplanting

phosplra. 6 Wisowsaeasrewlit For the asat oienRuili@di3dingohs dnepidclkgimenoanon.  As
energy of 500keV plus sone threshold (Vt) and
pUpchertdaesothgrh is onfyl lealregtcoms up Biagprodmgbpns voltee (uegiblslthreshold is
doping profile for the present invention. A peak of

bestahed thegholitck PrIQIEIpdousand) T8neiais o waB Vot 2oppy4.3 volts. The
nom nal ) occurs between about 0.5 and 1.5 pm (0.6m
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rofile is formed by 9
pmultiphcat;on The doping pré)/ﬁie is tailored so that snapback occurs prior to punch through.

Fig. 6 shows the n-well doping profile for the present invention. A peak conceniration of
between about 1x10' and 5x10" atoms/em® (7x10'7 nominal) occurs between about 0.5 and 1.5 um
{0.75um nominal) from the IC surface. The n-well doping profile is formed by implanting
phosphorous ions with a dose of 2x10" ions/em’ and an energy of 500keV plus some threshold (Vf)
and punch-through implantations. Fig. 7 shows the p-well doping profile for the present invention.
A peak of between about 1x10" and 5x10'® atoms/ent’® (7x10'7 nominal) occurs between about 0.5

and 1.5 pm (0.6pum nominal) from the IC surface. The p-well doping profile is formed by




i mpl anting boron ions wwth a dose of I x 1013 ions/cnR
and an energy of 300keV, inplanting boron ions wth a
dose of 4.5x 1012 ions/en2 and an energy of 150keV,
pl us sone threshold (Vt) and punch- through
I mpl antati ons. Several key differences should be noted
bet ween the present invention and U. S. Patent
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an SCR devi ce t,0 enl,arge the conduction vol
PEdtidagdosngtt 5§‘£ot’°§‘s’ EVE HFEY & EEDPRELRE F‘Wﬂﬁ@é‘“) ﬂr*ﬁ é“““h“
%&ﬁﬁlgﬁﬁhﬁ&§ntlon applies to a GGNMOS device and uses
ore and p-well doping profiles to nove the
conduction away fromthe surface and adjust the ESD
trigger voltage. In these inportant respects, the two
devi cwgal k@fﬂérfetch@i; %’Wﬁéleh?}%ﬁ betpredy ﬁ@ Pratertéfwewreanél PSf Rsjerint .

S%Wy ] a!t eI 1oe \;\ll—\‘{cﬁven% cv:ce to %%{ufﬁ r OC gay\\ﬂéllﬂrge
ms BTV %vm&@es B e R Tmséaf Weehton %nésrbga
profiles are tailored such that the peaks of the well
GONEOA tievat 40 NSs @Rcd n-waiay pelddvpbdieofids kd ionthswhdutoe away
This reduces the depletion barrier between the p-well
vy thhsufese F““é‘é‘&ﬂ‘&‘éESDI gy o thesg Eupag| TppSFts] thegyyedevices
Irﬂ%l%i?%§t§0% Of p I’BUOU argdlﬁ‘earesn?d el eCt rl C f I el d for s bet ween
ihe reverse bl ased n-wel | drain and p-well resulting
in higher electron-hole generation current. This
injects nore holes into the p-well, producing a
pot eftsirerhart haprescf\lxﬁnl*/ftmkfnomwapreloeb wage t-Hals pre wided béinwvhe FOIurcc

rce unct'%w.agye.r is a onductlgg g
Ng PEFEENST § i Nl I}' ‘é et ral CBEPREEh ™ el F“élﬂ n
&1&9 lp@igsto@[h): wéﬂ@m%‘oﬁ@ooé@mag k&h bnc s:l-Etlrpsuﬁ“&Q dlklllgtréd%s the
occurs away fromthe silicon surface where power
dteiieh 6ped bdoyeer ©aDWELNEG! t-Pe! selr@ Cihn@s it @aiChiiigg Bcredd@yan be
effectively dissipated.
increased electric field forms betwaen the reverse biased n-well drain and p-well resulting in higher
electron-hole generation current. This injects more holes into the p-well, producing a potential that
will forward bias the p-well/n-well source junction. The result is a conducting bipolar NPN
transistor with low resistance between the drain (collector} and source (emitter). The conduction

occurs away from the silicon surface where power developed by removing the electrostatic charge

may be effectively dissipated.




10 While the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, it will be understood by those skilled in the
art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of
the invention. Wiat is clained is IIl tI Cdainms 1. A
device for dissipating electrostatic discharge in an
integrated circuit conprising: a p-regionin a

sem conduct or substrate; a source n-wel |l and drain

S(/}\}A/Eegtk ngeﬁt?qxﬂ'ggggeél lTbCél ﬁ\og’g: gc? %%Sﬁf%eléjy“ﬁlr}g\,\% eirence (50 the
preferr%laéigbodq{qaitpth@rc\ﬁ’? ld win@ ug\'c'{eéfz)ﬂﬁ B§ 1S9 Flﬁ]n gqsal G gt vauous changes

w t'hi n sai d source’ n-we
in formWeilktails FRSBE Glady %Itt}ieut\’é@&[rﬁh@ oM thagRst Ald sseiethMe invention.
source region and said n+ drain region are silicided,
a l'ightly doped source region and a lightly doped
drai n reglon W thin said source n- well and said drain
What iclggmed is respectively; a gate el ectrode overlying said
gat e oxi de;
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a dielectric layer overlying said gate el ectrode and
sai d source and drain regions; and conductive
contacts through said dielectric layer to said
silicided n+ source region and said silicided n+
drain region and electrically connecting said gate

el ectElette to said silicided n+ source thereby

conpl et.i fabrication of said device for dissipating
ol oot [-PHr i disgpatneglgpiygaatc Jehappdn pixjsepesd HEUGPHPTHESt o
Caiml woeren, sahdoRulgdihad.has a peak in
concentration at a depth of between about 0.5 and 1.5
gi n. 12 | asbhee dealioBiraccodidi g pt@iokl ai m 2 wherein said
peak concentration in said p-region is between about
1 x | O eafPx8g oEiNS saif st ighe sface Mfyeerdheiy isgese n-well and said
accorggngwﬁp Claim 3 wherein said peak concentration

in saf@"p-fegion is formed by dual inplantation of

boron ion ) n+9&1€ce V@gi%ban@algg%gin(?égiop %It%@s%lﬁ S(ﬁngy-t&’c[l? £d :;lan]d%in
and 4x1013 ions/en? (1x1013 ions/cn? nom nal) and an

ener gy of n-bdt, wagedivap eukrei2dlacantsald Q0 souk€viidnIODI A+ drain region are
nom nal ) and another with a dose of between about

I x1019'i¥AH 1x10 ions/cnR (4.5x1012 ions/cn? nomi nal)

and an eney. f between ahbout, 100 and 250 keV .

(1 5okev noitsRre SR TP R Lo E e roo Bt g soee o

| mpl apdighd QRSriInd-well R@pd@M,ce according to Caiml
wherein said source n-well and said drain n-well have

a peak i n: gorentrativogsagizataodiept h of bet ween about
0.5 and 1.5 m_ 6. The device accordin% to daimb5
wher ei n s&TUPESR QGRS g6 S arueh i din frsipay pd

conductive contacts through said dietectric layer to said silicided n+ source region
and said silicided n+ drain region and electrically connecting said gate electrode to said
silicided n+ source thereby completing fabrication of said device for dissipating electrostatic

discharge.

2. The device according to Claim 1 wherein said p-region has a peak in concentration at

a depth of between about 0.5 and 1.5 pun.




and said drain n-well is between about 1x1017 and
5x1018 atons/cnB. 7. The device according to Claim®6
wherei n said peak concentration in said n well is
formed by inplantation of phosphorous ions with a dose
of between about 9x 1012 and 5x 1017 ions/cn2 (2x 1013
i ons/ &rfFe ot fredrjincan e’ wiveingyid ofek bratavedion ialsodig-red00is

d 6 I dth hol d d
B ot ST TS -8 A Sovi co rors @ A"

di ssipating el ectrostatic discharge in an integrated
circuit conprising: a p-region in a sem conductor
SubStHahe&wﬁamam&QUﬁCemﬂ}MBkhsﬂmdmﬂﬁa&ﬂmﬂmMBk$dﬂEg&ﬂhd
p-region; a gate oxide overlying said p-region in the
spac e B e@n! WBHRieE e ions Red Withadese shlictieendbant T10™ and
\rI]VI ¥\ﬁ| Lﬁ)dl %ﬁgﬂlglc%% El?(gd’ lonslléleé%f)mm:';h) Cfm anac'egerggf:zjége:t]\?éleﬁabv\% %0 and 460
res pef&,t\fi Yﬁbk\é\/ n%tﬁa(l)edn@ aﬁu@krdv:tﬁ %Qigse(b@ ATed=t0N Etﬁtltl Q! loaf’xd %bld
source n-well and said drain n- well occur between
about io@/cH* &rﬁdi()i" iBnsfon] noaind) avhereirgy © betfac esutafo Sara ke
source region and said n+ drain reglon are silicided,;
a | i g w2 Gurol! sraypdriraaimgariitight | y doped
drain region within said source n- well and said drain
n-well, respectively; a gate el ectrode overlying said
gat e oxhdBviceacdidRk Bl CwileRMRLid PUES d-Ydng Sidkdin gake
el ectrode and said source and drain regions; and

have a peak in conceniration at a depth of between about 0.5 and 1.5 pm.

6. The device according to Claim 3 wherein said peak concentration in said source n-weil

and said drain n-weil is between about 1x10" and 5x10'® atoms/em?®.

7. The device according 10 Claim 6 wherein said peak concentration in said n-
well is formed by implantation of phosphorous ions with a dose of between about 9x10' and
5x10" ions/em? (2x10" jons/cm® nominal) and an energy of between about 400 and 650

keV (500keV nominal) and threshold and punch-through impiantations.

8. A device for dissipating electrostatic discharge in an integrated circuit comprising:

a p-region in a semiconductor substrate;




conductive contacts through said dielectric layer to
said silicided n+ source region and said silicided n+
drain region and electrically connecting said gate

el ectrode to said silicided n+ source thereby

conpl eting fabrication of said device for dissipating
el ect r ost &Pres -Hillsedilipige vellgn safReeeigivi ce according to
Claim8 wherein said p-region has a peak in ,
concentra%?%ﬁm%megmﬁé%{%g%?l%é%sEwéﬁggﬁﬁﬁW&ﬁFgmgﬂﬁmigg
pm 1@4indh&:: devi ce according to Claim9 wherein said
peak concentration in said p-region is between about
1x1017 aneh nxdB regioome At drainkeiol FithinTda@ sab@w h-@l and said drain
according to Caim 10 wherein said peak concentration
ins ar*-aclgieff’éfg‘r% whegein fiprRg epresraEtnRf sajdnpra Atvalt nd pridgiain o-
and Ao e A SR e e O Al e
an engfqy «oh et egniapout 250 and 400 keV (300keV

nom nal) and another with a dose of between about

1x10( 2 andighttdl®p3! sowrensyicnnid! o (dhtlydidRd drain Geamh @M said source n-
nom nal ) and an energy of between about 100 and 250

keV 950k HoRi1HIPEREYt hr eshol d and punch-t hrough

i nplantatj o %&mééﬂwg e device according to Claim8
wher ei n saf'd pea concent ration in said source n- well
and sai d gtiddchic RydMBlellyihSiaiD B WRERIANOMUE sdukee gﬂQJJ:Z)in@e@gns?%d
1018 atons/cnB. 13. The device according to Caim12
wher ei n sa@ndictpyeetktagothoehtaidddegric lryar t sdidbilsioume @ume regi@l |
and said drain n-well is fornmed by inplantation of .
phos pﬁia I’S?j([{,l élll(p(&ill §+Vﬁm("h regioty 6—@ éleaflcally connecting said gate electrode to said

silicided n+ source thereby completing fabrication of said device for dissipating electrostatic

discharge.
9. The device according to Claim 8 wherein said p-region has a peak in concentration at

a depth of between about 0.5 and 1.5 pm.

10. The device according to Claim 9 wherein said peak concentration in said p-region is

between about 1x10'7 and 5x10'% atoms/en’,



bet ween about 9x1012 and 5x1013 ions/cnR (2x1013
ions/cn2 nom nal) and an energy of between about 400
and 650 keV (500keV nominal) and threshold and
punch-through inplantations. 14. A device for

di ssipating el ectrostatic discharge in an integrated

circuit rising: p- reqgi [n.a sem conductor o
subst r at ;|18 98eireer e a0 Bra R raReqfa iy said p-region s

p-regio %hggf rce, n- wel

in .sajd p-region, said. so l,
hnd sai dBPAPT LB AL SOl Op GH G o A ghatge 710 end
a dept h49f0”b1§%>’é%@rhx1 b3 Eisong/lgtgz 1c5m§nag1am? ar %t 1‘e 8?%69\’?66 about 250 and 400
overlying sald p-region in the space between said

source 'ﬂé\‘/vebb()k@{}qzamgu‘fh) %ﬁ‘{h gno@l{e@i\xﬂ{l H’d‘é@l Af{bg%)g%rp gboﬁp H{Igfe and 1x10"

region and an n+ drain region within a ortion

sai d S OWeem™ (45‘;‘@(')"Z ioﬁé?gnz%in%ag LAl & cﬂ_ér%@l}il between about 100 and 250 keV
respectively, wherein surfaces of said n+ source

regi on andke\Sdhfhal) indh R LA QB I flded; a

lightly doped source region and a lightly doped drain

region within said source n-well and said drain

n-wel |, respectively and adjacent to said source

n-wel |  andrisdedee decadime R-Wehl § whegpeid paslkyticerraf@d @ said source n-
el ectrode overlying said gate oxide and not

over | appichgndsaii dragiouwg eis between about 1x10 and 5x10'* atoms/em”.

13. The device according to Claim 12 wherein said peak concentration in said source n-
well and said drain n-well is formed by implantation of phosphorous ions with a dose of
between about 9x10'? and 5x10" ions/em® (2x10" jons/em® nominal) and an energy of
between about 400 and 650 keV (500keV nominal) and threshold and punch-through

implantations.

14. A device for dissipating electrostatic discharge in an infegrated
circuit comprising:

a p-region in a semiconductor substrate;

a source n-well and drain n-well in said p-region wherein said p-region, said
source n-well, and said drain n-well have a peak in concentration at a depth of between
0.5 and 1.5 um;

a gate oxide overlying said p-region in the space between said source n-well and
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n-well and said drain n-well; a dielectric |ayer

overlying said gate el ectrode and said source and

drain regions; and conductive contacts through said
dielectric layer to said silicided n+ source region

and said silicided n+ drain region and electrically
connecting said gate electrode to said silicified n+
source thereby conpleting fabrication of said device

fod ddiissivpdlt i ng el ectrostatic discharge. 15. The

devi ce according to Claim 14 wherein said peak

concent natowpe tegiosand apat dgiioregicn wiklet wemrpaadaue! said source n-
1x1017 and 5x1018 atons/cnB. is 16. The device

e00indi sl drainGl-aiem dbpestied gi wheaainhduffeak of eadart saikdeoRgion and
in said p-region ~, fornmed by dual inplantation of

RAKGD drRTeni@Be Wiitlde@ dose of between about 7x 1012
and 4x1013 ions/cn? (1x1013 ions/cn2 nom nal) and an

energy 1&&1’%2 ggﬂ@esghlgr@?%ti?rﬁ@ %gglgﬁg?opgg AMid %&%\ﬁ%ﬁthin said source

noni nal anot et ween "a

}%\?{gﬂ] é}l‘uf rs]%ﬂ %%lllﬁ ]ﬁg\ﬁ%lﬂ, §§§p§$§ /e(f nﬂ\?\%(é %djggeiﬁgt%oz i%g r%g(rl]rgg%lg\ﬁeﬂ and said

keV (150keV noqinal) and threshol d and punch-through
idFAot Aty FOREUVEY, The device according to O aim 14
wherein said peak concentration in said source n- well
and saigdtedlsiadnevREyngisaidgaiomeds B Gt OVEKaRRINE saidsource
5x10' 8 at ons/ cnB.

n-well and said drain n-well,

a dielectric layer overlying said gate electrode and said source and drain regions;
and

conductive contacts through said dielectric layer to said silicided n+ source region
and said silicided nt+ drain region and electrically connecting said gate electrode to said
siticided n+ source thereby completing fabrication of said device for dissipating

electrostatic discharge.

15. The device according to Claim 14 wherein said peak concentration in said p-region is

between about 1x10'7 and 5x10'® atoms/cm’.

16. The device according to Claim 15 wherein said peak concentration in said p-region is
formed by dual implantation of boron ions, one with a dose of between about 7%10'* and
4x10" jons/em® (1x10" ions/em® nominal) and an energy of between about 250 and 400

keV (300keV nominal) and another with a dose of between about 1x10" and 1x10"




18. The device according to Caim17 wherein said peak
concentration in said n-well is fornmed by

i mpl antati on of phosphorous ions with a dose of

bet ween about 9x1012 and 5x 1013 ions/cn? (2x 1011

i ons/ ant noninal) and an energy of between about 400

SB g c ﬁS?rﬁ)r i 4 h&%o% qtmmngr%m)lli ?ndd antegeg gy cl)}%etween agoout 100 and 250 keV

(150keV noaninaly and threshold and punch-through implantations.

17. The device according to Claim [4 wherein said peak concentration in said source n-

well and said drain n-well is between about 1x10' and 5x10'® atoms/em’.

18. The device according to Claim 17 wherein said peak concentration in said n-well is
formed by implantation of phosphorous ions with a dose of between about 9x10'% and
5%10" jons/em® (2x10" ions/cm? nominal) and an energy of between about 400 and 650

keV (500keV nominal) and threshold and punch-through implantations.
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